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Intercomparisons are im por tant ac tiv i ties per formed to en sure that the ser vices pro vided by
cal i bra tion lab o ra to ries to end-us ers fol low in ter na tion ally ac cepted stan dards. Ion iz ing ra di -
a tion do sim e try intercomparisons are usu ally of two types – postal thermoluminescent do -
sim e ter intercomparisons and ion iza tion cham ber cal i bra tion intercomparisons. In this pa -
per, both types of intercomparisons are ana lysed to gether with the re sults of seven years of
par tic i pa tion in such intercomparisons. Sev eral dis crep an cies were dis cov ered as a re sult of
intercomparisons anal y sis and the res o lu tion of the dis crep an cies was dis cussed.
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IN TRO DUC TION
The in ter na tional mea sure ment sys tem (IMS)
for ra di a tion me trol ogy pro vides the frame work for
do sim e try in dif fer ent ar eas of ap pli ca tion. It en sures
con sis tency in ra di a tion do sim e try by dis sem i nat ing to 
us ers cal i brated ra di a tion in stru ments which are trace -
able to pri mary stan dards. The IMS con sists of Bu reau
In ter na tional des Poids et Mesures (BIPM), na tional
pri mary stan dard do sim e try lab o ra to ries (PSDL), sec -
ond ary stan dards do sim e try lab o ra to ries (SSDL) and
var i ous us ers per form ing mea sure ments [1]. A PSDL
is a na tional lab o ra tory des ig nated by the gov ern ment
for the pur pose of de vel op ing, main tain ing and im -
prov ing pri mary stan dards in ra di a tion do sim e try. A
PSDL par tic i pates in the in ter na tional mea sure ment
sys tem by mak ing com par i sons through the me dium
of BIPM and pro vides cal i bra tion ser vices for sec ond -
ary stan dard in stru ments. An SSDL may be ei ther na -
tional or re gional. A na tional SSDL is a lab o ra tory
which has been des ig nated by the com pe tent na tional
au thor i ties to un der take the du ties of a cal i brat ing lab -
o ra tory within that coun try. An SSDL is equipped with 
sec ond ary stan dards which are cal i brated against the
pri mary stan dards of lab o ra to ries par tic i pat ing in the
IMS [2-4]. A de cade ago, SSDL were fo cused only on
the cal i bra tions in the field of ra dio ther apy and ra di a -
tion pro tec tion [3, 4], while di ag nos tic ra di ol ogy cal i -
bra tions have drawn at ten tion in the last de cade due to
in creased de mands for es tab lish ment of qual ity as sur -
ance programme in di ag nos tic radiology [1].
SSDL in Vin~a In sti tute of Nu clear Sci ences
(VINS-SSDL) is op er at ing within Ra di a tion and En vi -
ron ment Pro tec tion Department of the Vin~a In sti tute.
VINS-SSDL be came a mem ber of the SSDL net work
es tab lished by the In ter na tional Atomic En ergy Agency 
(IAEA) and World Health Or ga ni za tion (WHO) in
1978. The net work was es tab lished in 1976 [2]. The
Lab o ra tory is unique in the coun try and re spon si ble for
the re al iza tion of the SI units and the main te nance of the 
na tional stan dards. It pro vides cal i bra tions of do sim e -
ters in ra dio ther apy, ra di a tion pro tec tion and in the field
of di ag nos tic ra di ol ogy.
The sta tus of the Lab o ra tory in the na tional me -
trol ogy sys tem has changed in 2013 when a Mem o ran -
dum of Un der stand ing be tween the Di rec tor ate of
Mea sures and Pre cious Met als (DMDM) and Vin~a
In sti tute was signed on 4 July  2013. Since Sep tem ber
2014, it has been a Des ig nated In sti tute (DI) [5] for
ion iz ing ra di a tion as listed at BIPM da ta base avail able
in Ap pen dix A of BIPM Key Com par i son Da ta base
(KCDB). VINS-SSDL is ex ter nally ac cred ited by Ac -
cred i ta tion Body of Ser bia ac cord ing to ISO/IEC
17025:2006 [6]. There fore, VINS-SSDL cal i bra tion
lab o ra tory en sures that its cal i bra tion ser vices achieve
a level of qual ity in ex e cu tion and de liv ery that is com -
men su rate with the re quire ments of its qual ity man -
age ment sys tem. With this man age ment sys tem, the
VINS-SSDL is com mit ting it self to a con tin u ous pro -
cess of im prove ment. With ac cu rate do sim e try as a
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key con cern in the qual ity pol icy of the VINS -SSDL,
the ma jor ob jec tive of the man age ment sys tem is to
op er ate the Lab o ra tory at the high est pos si ble qual ity
stan dard. All mea sure ments and cal i bra tions within
the Lab o ra tory are car ried out in ac cor dance with the
meth ods doc u mented in the man age ment sys tem. 
Intercomparisons are gain ing im por tance both in 
na tional and in ter na tional scopes, due to the re quire -
ments put for ward by ac cred i ta tion bod ies and in ter na -
tional me trol ogy or ga ni za tions. Par tic i pa tion in
intercomparisons has many ben e fits for lab o ra to ries:
eval u a tion of lab o ra to ries' per for mance, iden ti fi ca tion 
of prob lems, com par ing meth ods, pro vid ing ad di -
tional con fi dence to cus tom ers, val i dat ing mea sure -
ment un cer tainty, to men tion a few. There are sev eral
stan dards avail able that pro vide de tails about the or ga -
ni za tion and types of intercomparisons and sta tis ti cal
meth ods for the eval u a tion of re sults [7, 8]. 
Intercomparisons in me trol ogy of ion iz ing ra di -
a tion are or ga nized to dem on strate con sis tent do sim e -
try in all fields of ap pli ca tion. They en able as sess ment
of the qual ity of do sim e try ser vice and iden ti fi ca tion
of dis crep an cies as well as ini ti a tion of steps to re solve
the dis crep an cies. Sev eral types of intercomparisons
are be ing or ga nized in this field – intercomparisons
based on thermo lu mi nes cent do sim e ters (TLD),
intercomparisons based on cal i bra tion of trans fer in -
stru ments (typ i cally ion iza tion cham bers), but also di -
rect com par i sons [9]. For a par tic u lar cal i bra tion lab o -
ra tory, it is of great im por tance to par tic i pate in all
avail able intercomparisons. There is ev i dence that dis -
crep an cies iden ti fied dur ing TLD intercomparisons
do not al ways cor re late with dis crep an cies iden ti fied
by means of ion iza tion cham bers [10, 11]. An other im -
por tant point is that ra dio ther apy ion iza tion cham bers
are still be ing cal i brated in terms of both dose to wa ter
and air kerma free-in-air. It is im por tant that cal i bra -
tion lab o ra to ries par tic i pate in intercomparisons for
both quan ti ties, be cause the meth od ol o gies are dif fer -
ent [12].
MA TE RI ALS AND METH ODS
Cal i bra tion and mea sure ment
ca pa bil i ties of SSDL-VINS
Ra di a tion beam qual i ties used in the SSDL-VINS 
are gen er ated us ing 6 60Co sources, 3 137Cs sources and
X-ray gen er a tor Philips MG-320, ac cord ing to ISO
stan dard 4037-1 and IEC stan dard 61267:2006 [13,
14]. These sources en able dose rates rang ing from
back ground level to 20 Gy/h for S-Co ra di a tion qual ity
and from 12 µGy/h to 6 mGy/h for S-Cs. The X-ray
gen er a tor is ca pa ble of pro duc ing the X-ray qual i ties
used in all three fields of ap pli ca tion (ra di a tion pro tec -
tion, di ag nos tic ra di ol ogy and ra di a tion ther apy) be -
tween 40 kV and 320 kV, as pre sented in tab. 1. 
In ad di tion to do sim e try quan ti ties listed in tab.
1, cal i bra tions are also per formed in terms of op er a -
tional quan ti ties – per sonal dose equiv a lent and am bi -
ent dose equiv a lent, where the ref er ence dose val ues
are ob tained by mul ti ply ing ref er ence air kerma value
by con ver sion co ef fi cients avail able from stan dard
ISO 4037-3 [16] and IAEA SRS 16 [3]. There fore, the
ap pro pri ate com par i sons per formed in terms of air
kerma are used to val i date the meth ods of cal i bra tion
in terms of op er a tional quan ti ties.
Meth od ol ogy of the or ga nized
intercomparisons
Intercomparisons dis cussed in this pa per fall in
two cat e go ries – postal TLD intercomparisons and
ion iza tion cham ber cal i bra tion intercomparisons. A
postal TLD intercomparison is per formed by dis trib ut -
ing TLD to all par tic i pat ing lab o ra to ries. TLD are ir ra -
di ated with a pre-set dose and re turned to the com par i -
son co or di na tor to gether with back ground TLD for
read ing. The read ings are com pared with the ref er ence 
value. This type of intercomparisons has been used to
eval u ate the per for mance of SSDL for over 30 years
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Ta ble 1. Over view of rel e vant cal i bra tion and mea sure ment ca pa bil i ties of VINS-SSDL
Field of ap pli ca tion Sec ond ary stan dard Cal i brated interms of
Ra di a tion
qual i ties [13, 14] Stan dard
Ex panded
un cer tainty, k = 2
Ra di a tion ther apy PTW 30012 s/n
*
172, 0.6 cm3 Ka
** S-Co IAEA TRS 277 [15] 1.1 %
Ra di a tion ther apy PTW 30012 s/n172, 0.6 cm3 Ka
T1 - T4
(100 kV-250 kV) IAEA TRS 277 [15] 2.1 %
Ra di ation ther apy PTW 30012 s/n172, 0.6 cm3 Dw
*** S-Co IAEA TRS 398 [4] 1.2 %
Ra di a tion pro tec tion PTW 32002 s/n311, 1 dm3 Ka S-Co, S-Cs IAEA SRS 16 [3] 1.8 %
Ra di a tion pro tec tion PTW 32002 s/n310, 1 dm3 Ka
N-40, N-60,
N-100, N-200
(40 kV-200 kV)
IAEA SRS 16 [3] 1.8 %
Ra di a tion pro tec tion PTW 32003 s/n126, 10 dm3 Ka S-Co, S-Cs IAEA SRS 16 [3] 1.8 %
Di ag nos tic ra di ol ogy Exradin Magna A650, s/nD082611, 3 cm3 Ka
RQR2-RQR10
(40 kV-150 kV) IAEA TRS 457 [1] 2.2 %
* s/n – se rial num ber, **Ka – air kerma free in air; ***Dw – ab sorbed dose to wa ter
[17], but also to eval u ate the do sim e try ser vices of ra -
dio ther apy cen ters [18, 19].
In case of cham ber cal i bra tion intercomparisons,
trans fer ion iza tion cham bers are sent to each par tic i pat -
ing lab o ra tory for cal i bra tion. Usu ally, ion iza tion
cham bers are re turned to the intercomparison
co-ordinator sev eral times dur ing the com par i son cy cle
for in terim re-cal i bra tions and check. Cal i bra tion co ef -
fi cients ob tained by com par i son par tic i pants are com -
pared with the ref er ence value. This type of
intercomparisons is also used to com pare pri mary stan -
dards [20].
SSDL-VINS par tic i pated in intercomparisons in 
the fields of ra di a tion pro tec tion, ra di a tion ther apy and 
di ag nos tic ra di ol ogy. Ref er ence val ues were de ter -
mined by us ing sec ond ary stan dards – ion iza tion
cham bers, cal i brated in terms of air kerma – free in air
and in terms of ab sorbed dose to wa ter. Sec ond ary
stan dards are cal i brated in IAEA do sim e try lab o ra tory, 
which pro vided trace abil ity to the pri mary stan dard. 
Intercomparisons or ga nized by
IAEA/WHO
IAEA/WHO is the main pro vider of
intercomparisons for VINS-SSDL. In to tal, VINS-SSDL 
par tic i pated in 10 intercomparisons in the last 7 years.
Ref er ence val ues were de ter mined ei ther by IAEA do -
sim e try lab o ra tory or by BIPM, and the par tic i pants in -
cluded pri mary and sec ond ary stan dard lab o ra to ries in
IMS. These intercomparisons were in the fields of ra di a -
tion pro tec tion and ra di a tion ther apy, and will be grouped 
by beam qual ity and ap pli ca tion for an eas ier sur vey.
In the year 2014, VINS-SSDL par tic i pated in
two cham ber cal i bra tion intercomparisons – for cal i -
bra tions in terms of air kerma free in air and ab sorbed
dose to wa ter. Ra di a tion ther apy cham bers of farmer
type were cir cu lated to the par tic i pants, and the cal i -
bra tions were per formed in S-Co qual ity. Cal i bra tions
in VINS-SSDL were per formed ac cord ing to IAEA
TRS 277 [15] (air kerma free-in-air) and IAEA TRS
398 [4] (ab sorbed dose to wa ter). The ex per i men tal
setup was as in [12]. Sec ond ary stan dard PTW 30012
s/n 172 was used.
VINS-SSDL par tic i pated in 6 postal TLD au dits
for ra dio ther apy level do sim e try be tween 2009 and
2014. Three of these intercomparisons were per -
formed in S-Co qual ity and three in 6 MV qual ity. All
intercomparisons were in terms of ab sorbed dose to
wa ter. Ref er ence val ues of ab sorbed dose to wa ter
were de ter mined by sec ond ary stan dard PTW 30012
s/n 172, ac cord ing to IAEA TRS 398 [4].
Two TLD au dits were or ga nized for ra di a tion
pro tec tion level cal i bra tions. Both au dits were per -
formed for S-Cs ra di a tion qual ity. Ref er ence val ues of
air kerma free-in-air were de ter mined by sec ond ary
stan dard PTW 32002 s/n 311 ac cord ing to IAEA SRS
16 [3].
Intercomparisons or ga nized by
EURAMET
Intercomparisons in the field of di ag nos tic ra di -
ol ogy were or ga nized be tween March 2011 and June
2012 within pro ject EURAMET 1177. A to tal of 22
lab o ra to ries par tic i pated. Cal i bra tions in VINS-SSDL
were per formed dur ing Oc to ber 2011. X-ray beams
were pro duced by X-ray unit Philips MG 320.
Three trans fer in stru ments were cir cu lated be -
tween lab o ra to ries for intercomparison – two com -
mer cial KAP-me ters (kerma area prod uct me ters) [1],
and one ion iza tion cham ber – 3 cm3 Magna A650. It is
im por tant to note that KAP-me ter cal i bra tions are not
within the scope of ac cred i ta tion of VINS-SSDL, but
the ref er ence val ues of dose rate are mea sured by ion -
iza tion cham ber Magna A650 trace able to a pri mary
stan dard. Cal i bra tions were per formed in 5 ra di a tion
qual i ties, RQR3, RQR5, RQR6, RQR8 and RQR9.
VINS-SSDL per formed cal i bra tions in all 5 ra di a tion
qual i ties and all cal i bra tions were per formed ac cord -
ing to IAEA TRS 457 [1]. How ever, mea sured HVL
(half value layer) for RQR3 de vi ates by 10 % from
IEC 61267 [14] HVL val ues and it is not pos si ble with
cur rent equip ment to achieve better agree ment be -
cause of high in her ent fil tra tion. RQR5 and RQR6 also 
de vi ate from the stan dard but are within ac cept able
lim its.
Par tic i pants' cal i bra tion fac tors were com pared
to the weighted means of the cal i bra tion fac tors ob -
tained by par tic i pat ing pri mary lab o ra to ries – com par -
i son ref er ence value (CRV) and the com par i son re sult
was de noted with R. R value of 1 rep re sents com plete
agree ment be tween a cal i bra tion fac tor and CRV.
Bi lat eral intercomparison
VINS-SSDL and SCK-CEN (Studiecentrum
voor Kernenergie – Cen tre d'Étude de l'Énergie
Nucléaire) or ga nized a se ries of intercomparisons in
the year 2014. Among these, two intercomparisons
were per formed with farmer type cham ber (used in ra -
di a tion ther apy) and two with1– li ter ra di a tion pro tec -
tion cham ber – spring cam paign and au tumn cam -
paign. Farmer cham bers were cal i brated only in S-Co
ra di a tion qual ity, while the 1-li ter cham bers were cal i -
brated in S-Co, S-Cs, N60, and N200 qual i ties.
Re sults were con sid ered ac cept able if the ab so lute
value of z-score was lower than 2 as shown in eq. (1),
where Z is Z score, X1 and X2 are cal i bra tion co ef fi cients
of com par i son par tic i pants and u1 and u2 are com bined
and ex panded mea sure ment un cer tain ties (k = 2). The
used equa tion was mod i fied from ref er ence [8], to take
into ac count the fact that the un cer tain ties were ex -
panded.
Z = −
+
≤
X X
u u
1 2
1
2
2
21
2
2 (1)
M. Z. @ivanovi}, et al.: Intercomparisons as an Im por tant El e ment of Qual ity ....
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2015, Vol. 30, No. 3, pp. 225-231 227
RE SULTS AND DIS CUS SION
Intercomparisons or ga nized by IAEA/WHO
Re sults of the intercomparisons or ga nized by
IAEA are given ei ther as the ra tio of mea sured and ref -
er ence value or as the de vi a tion of mea sured value
from the ref er ence value. Ac cep tance cri te ria are
given in fol low ing ta bles in last col umn and re sults
should be checked against the cri te ria.
VINS-SSDL re sults in the intercomparisons per -
formed us ing ion iza tion cham bers are pre sented in tab. 
2. Mea sure ment un cer tain ties are re ported as ex -
panded mea sure ment un cer tain ties (k = 2).
Re sults of the TLD postal au dits for ra dio ther -
apy level are pre sented in tab. 3. Ir ra di a tions were per -
formed in S-Co and 6 MV ra di a tion qual i ties. Re sults
were re ported by VINS-SSDL with a mea sure ment
un cer tainty of 1.2 % (k = 2).
Re sults of the TLD postal au dits for ra di a tion
pro tec tion level are pre sented in tab. 4. Ir ra di a tions
were per formed in S-Cs ra di a tion qual ity. Re sults
were re ported by VINS-SSDL with a mea sure ment
un cer tainty 1.8 % (k = 2).
Re sults show that in each of the 10 intercom par i -
sons or ga nized by IAEA/WHO, VINS-SSDL re sults
were well within the ac cep tance cri te ria. This con -
firms that the equip ment and pro ce dures em ployed in
the lab o ra tory, as well as the staff train ing and ca pa bil -
i ties are ad e quate for cal i bra tions in fields of ra di a tion
pro tec tion and ra dio ther apy.
Intercomparisons or ga nized by EURAMET
VINS-SSDL re sults are shown in tab. 5.
Trans fer in stru ment test ing showed that
KAP-me ters cal i bra tion fac tors de pend on ir ra di ated
area, dose rate and ra di a tion qual ity. Magna A650 cal i -
bra tion fac tor de pends only on ra di a tion qual ity, and
the de pend ence is less pro nounced than in the  case of
KAP-me ters. Due to this fact, com par i son re sults were 
cor rected for the dif fer ences of the in flu ence quan ti -
ties be tween the par tic i pat ing lab o ra to ries and CRV.
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Ta ble 2. Re sults of cham ber cal i bra tion intercomparisons in S-Co ra di a tion qual ity
Cham ber Quan tity VINS-SSDL re sult Ref er ence value VINS-SSDL/ref er ence value* Ac cep tance cri te ria
Farmer type Ka 43.95 ± 0.48 mGy/nC 44.10 ± 0.35 mGy/nC 0.995 0.985-1.015
Farmer type Dw 48.11 ± 0.58 mGy/nC 48.15 ± 0.48 mGy/nC 0.998 0.985-1.015
*Par tic i pant and intercomparison pro vider stated trace abil ity to dif fer ent pri mary stan dards, and the cor rec tion is ap plied:
 1/1.0018 for Ka and 1/1.0016 for Dw
Ta ble 3. Re sults of postal TLD au dits for ra dio ther apy level do sim e try
Year of ir ra di a tion Ra di a tion qual ity VINS-SSDL stated dose IAEA mea sured dose Rel a tive de vi a tion Ac cep tance cri te ria
2009 S-Co 2.00 Gy 1.97 Gy 1.6 % ±3.5 %
2010 6 MV 2.00 Gy 2.00 Gy 0.1 % ±3.5 %
2011 S-Co 2.00 Gy 1.99 Gy 0.7 % ±3.5 %
2012 6 MV 2.00 Gy 2.02 Gy –1.1 % ±3.5 %
2013 S-Co 2.00 Gy 2.01 Gy –0.3 % ±3.5 %
2014 6 MV 2.00 Gy 2.02 Gy –1.3 % ±3.5 %
Ta ble 4. Re sults of postal TLD au dits for ra di a tion pro tec tion level do sim e try
Year of ir ra di a tion Ra di a tion qual ity VINS-SSDL stateddose
IAEA mea sured
dose
VINS-SSDL/ref er ence
value Ac cep tance cri te ria
2008 S-Cs 5.00 mGy 5.24 mGy 0.96 0.93-1.07
2013 S-Cs 5.00 mGy 5.10 mGy 0.98 0.93-1.07
Ta ble 5. Re sults of EURAMET di ag nos tic ra di ol ogy intercomparison
Ra di a tion qual ity KAP-me ter 1 KAP-me ter 2 Magna A650
R Rcorrected R Rcorrected R Rcor rected
RQR3 1.612 1.061 1.122 0.984 1.020 1.020
RQR5 1.072 1.045 1.125 1.070 1.021 1.021
RQR6 1.033 1.029 1.114 1.077 1.019 1.019
RQR8 1.023 1.023 1.111 1.083 1.014 1.014
RQR9 1.013 1.013 1.114 1.095 1.013 1.013
There fore, VINS-SSDL re sults are di vided into two
sets –  re ported  re sults  (R)  and  cor rected  re sults 
(Rcor rected).
KAP-me ter cal i bra tion fac tors were re ported by
VINS-SSDL with com bined and ex panded mea sure -
ment un cer tain ties (k = 2) be tween 12 % and 14 %,
with the ex cep tion of KAP-me ter 1 cal i bra tion in
RQR3 qual ity (20 %). Sev eral con clu sions can be
drawn when cor rected and un cor rected re sults from
Ta ble 5 are com pared. In case of KAP-me ters, the dif -
fer ence is min i mal or non-ex is tent for highly fil tered
qual i ties. How ever, there is a big dif fer ence in the case
of RQR3, and to some ex tent in case of RQR5. The
large dif fer ence in the  case of RQR3 is due to the fact
that this qual ity could not be achieved ac cord ing to
stan dard due to the tech ni cal prob lems. It is ev i dent
that the cor rected re sults are in much better agree ment
with CRV than un cor rected, but also that 9 out of 10 re -
sults are larger than 1. This means that the ref er ence
value of kerma area prod uct is over es ti mated, which
sug gests that there might be a sys tem atic ef fect that is
un ac counted for.
The anal y sis of the re sults, to gether with the re -
view of the pro ce dure and equip ment in VINS-SSDL
has shown sev eral short com ings. Al ready men tioned
HVL dif fer ences from IEC stan dard greatly in flu ence
the re sults for lightly fil tered X-ray qual i ties which es -
pe cially shows in case of RQR3 for KAP-me ter 1, due
to the in stru ment's in fe rior en ergy de pend ence. This is
the main rea son for the dif fer ence be tween re ported
and cor rected val ues. Un for tu nately, the only way for
im prove ment is to re place the X-ray unit, which is a
long and costly pro cess. An other prob lem was rec og -
nized in the mea sure ment set-up. A home-made
collimator was not of a suf fi cient qual ity and its di -
men sions were not known with re quired accuracy. It is
the most prob a ble cause of the men tioned sys tem atic
ef fect. Collimator-to-fo cus dis tance and collimator
an gle with re spect to beam axis in flu ence the beam
size, but these quan ti ties were not easy to mea sure with 
the cur rent equip ment and the mea sure ment un cer -
tainty was hard to es ti mate. VINS-SSDL has taken
mea sures to im prove on all the men tioned points. High 
in her ent fil tra tion of X-ray unit re mains the main prob -
lem, which should be solved by ac quir ing a new unit.
Magna A650 intercomparison re sults show that
the de vi a tions be tween VINS-SSDL cal i bra tion co ef -
fi cients and CRV are be tween 1.3 % and 2.1 %, while
the re ported ex panded mea sure ment un cer tain ties (k =
=.2) were be tween 3.2 % and 3.4 %. Cor rec tions are
ap plied only for ra di a tion qual ity. In all cases the cor -
rec tion fac tor for VINS-SSDL is equal to 1 – even for
lightly fil tered qual i ties. Al though the re sults were ac -
cept able, VINS-SSDL ref er ence cham ber was
recalibrated in IAEA do sim e try lab o ra tory af ter the
intercomparison. Cal i bra tion set-up, work ing pro ce -
dures and qual ity as sur ance/qual ity con trol (QA/QC)
pro ce dures were im proved.
Intercomparison with SCK-CEN
Re sults of com par i sons are shown in tabs. 6 and
7. Sim i larly to the al ready pre sented intercomparisons
or ga nized by IAEA/WHO, these com par i sons were in
the fields of ra di a tion ther apy and ra di a tion pro tec tion. 
The dif fer ence was only in ra di a tion qual i ties used.
VINS-SSDL and SCK-CEN intercomparison cov ered
N-60, N-200 and S-Co ra di a tion qual i ties for ra di a tion
pro tec tion, which were not cov ered by IAEA/WHO
com par i sons, as well as S-Cs ra di a tion qual ity. 
All re sults show a sat is fac tory agree ment be -
tween cal i bra tion fac tors pro vided by par tic i pat ing
lab o ra to ries, there fore no spe cial ac tion is re quired.
The re sults are rel e vant be cause both lab o ra to ries are
ex ter nally ac cred ited and both lab o ra to ries are des ig -
nated in sti tutes in CIPM-MRA.
CON CLU SIONS
Intercomparisons in fields of ra di a tion ther apy
and ra di a tion pro tec tion showed that VINS-SSDL has
con ti nu ity of good re sults that can sat isfy the strict ac -
cep tance cri te ria. This con firms that the equip ment, ra -
di a tion sources, QA/QC pro ce dures as well as staff
train ing are ad e quate for main tain ing good cal i bra tion
ser vices.
Intercomparisons in the field of di ag nos tic ra di -
ol ogy ex posed sev eral short com ings in VINS-SSDL.
Al though the re sults for cal i bra tions in terms of air
kerma free-in-air were ac cept able, lightly fil tered ra di -
a tion qual i ties were not es tab lished ac cord ing to stan -
dard, due to ev i dent tech ni cal prob lems. Ad di tion ally,
the anal y sis of intercomparison of KAP-me ters
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Ta ble 6. Farmer type 0.6 cc cham ber intercomparisons in 
S-Co ra di a tion qual ity
Cam paign Quan tity Z score Ac cep tance cri te ria
Spring Ka –0.873 |Z| ≤ 2
Spring Dw –0.622 |Z| ≤ 2
Au tumn Dw –0.800 |Z| ≤ 2
Ta ble 7. PTW model 32002 1l cham ber intercomparisons 
in terms of air kerma free-in-air
Cam paign Ra di a tionqual ity Z score
Ac cep tance
cri te ria
Spring N60 0.120 |Z| ≤ 2
Spring N200 0.352 |Z| ≤ 2
Spring S-Cs –0.122 |Z| ≤ 2
Spring S-Co –0.332 |Z| ≤ 2
Au tumn N60 –0.381 |Z| ≤ 2
Au tumn N200 0.580 |Z| ≤ 2
Au tumn S-Cs 0.000 |Z| ≤ 2
Au tumn S-Co –0.532 |Z| ≤ 2
showed that the re sults could be most eas ily im proved
by im prov ing po si tion ing sys tem and by ac quir ing
new collimators. The pro posed im prove ments were
im ple mented shortly af ter the first intercomparison re -
sults were avail able.
Sev eral fu ture intercomparisons are al ready
sched uled for the fol low ing years and VINS-SSDL
will con tinue to par tic i pate in all avail able com par i -
sons. It would be ben e fi cial for many lab o ra to ries if
the num ber of cham ber cal i bra tion intercomparisons,
es pe cially key intercomparisons, in creased. This is es -
pe cially im por tant for the field of di ag nos tic ra di ol -
ogy, but also for some ra di a tion qual i ties in other do -
sim e try fields. 
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INTERKOMPARACIJE  KAO  VA@AN  EL E MENT  OSIGURAWA
 KVALITETA  U  METROLOGIJI  JONIZUJU]EG  ZRA^EWA
Interkomparacije predstavqaju va`ne aktivnosti koje se sprovode da bi se osiguralo da
su usluge koje laboratorije za etalonirawe pru`aju krajwem korisniku u skladu sa me|unarodno
prihva}enim standardima. Interkomparacije u dozimetriji jonizuju}eg zra~ewa uglavnom spadaju
u dva tipa ‡ po{tanske interkomparacije sa termoluminiscentnim dozimetrima i interkom-
paracije sa jonizacionim komorama. U ovom radu prikazana su oba tipa interkomparacija, kao i
rezultati sedam godina u~e{}a u takvim interkomparacijama. Tako|e, u toku analize interkom-
paracija, otkriveno je nekoliko problema ~ije je re{avawe razmotreno.
Kqu~ne re~i: dozimetrija, metrologija, interkomparacija, osigurawe kvaliteta
